Introduction
When flow interacts with a bottom feature and the fluid can support wave propagation, then there is the potential for solitary waves to be generated upstream and or downstream, which is related to the oceanography, ocean engineering, but also to thermal power engineering and engineering thermo physics closely.
In such cases, when the bottom feature has small amplitude, the situation can be successfully described using a linear theory, and any nonlinear effects are determined as a small perturbation on the linear theory. However, when the flow is critical, then typically the linear theory fails and it is necessary to develop an intrinsically nonlinear theory. It is now known that in many cases such a transcritical, weakly nonlinear and weakly dispersive theory leads to an fKdV equation [1, 2] . Allen Chwang discuss the wave profile due to bottom with a finite different method based on the Euler equations [3] .Wu showed that the forced Boussinesq or the forced KdV equation, which is confirmed by a number of experiments at least in the early stage of wave development, could describe the free surface wave excited by a bottom obstacle near resonance [4] . Porter showed the interaction of linearized surface gravity water waves with three-dimensional periodic topography [5] . Davis thinks that there is a Bragg resonance between the surface waves and the ripple, which is associated with the reflection of incident wave energy [6] . The effect of the nonlinear waving bottom on the surface solitary wave has been analyzed theoretically by Zhong [7] . In recent years, many methods were suggested to search for wave solutions for the KdV equation and its generalizations, e.g. the pseudospectral method [8] , He's Homotopy Perturbation Method [9] [10] [11] , Homotopy Analysis Method [12] .
In the paper, the flows of an incompressible, inviscid fluid with surface tension and bottoms were considered. The effects of the different flow state on the nonlinear surface waves were researched. The wave equation was reduced from the potential flow theory with the little parameter perturbation technique, and then was solved with pseudo-spectral method. The waterfall of the surface wave was simulated with software.
The Deduction of the Fifth-order fKdV Equation
We shall consider a two-dimensional flow of an inviscid irrotational incompressible fluid on which surface tension acts and with a bottom topography, and Bond number is closed to 1/3. The coordinate system is sketched in figure. 
Here, is the dimensionless wavelength, and measures the dispersive effect of the system.
In the paper, weakly nonlinear and dispersion with the assumption of small boundary variation were considered. So, α and β are assumed to be small, and we further require a balance between nonlinearity and dispersion, so some assumption were make ,as follows: According to the perturbation technique, the suitable changeable boundary condition was used. So, we can derive a fifth-order fKdV equation which has positive dispersion and is valid for Bond 1 3 ≈ , as follows. 
We note this equation for surface wave is different from the fKdV equation [2] in which the dispersion term is negative. Here, Δ is a parameter which denote the different flow case, is corresponding to the case of exact resonance, and 0 Δ = 0 Δ > (or 0 Δ < ) to the supercritical (or subcritical).
, the amplitude of the surface wave, the function G describes the bottom topography. For the fixed boundary, the G maybe supposed as , is the maximum height of the boundary. And The figure.3 is the simulation result for the supercritical case, in which, (a) and (b) is the result that value keep fixed but 1 k Δ value change. We can find, from the figure, the generating period of the upstream solitary wave increasing with the changing of the Δ value, then the appearing time of the upstream solitary like wave delay and the wave number reduce, but its amplitude did not change. Simultaneously, the concave section turns wide, and amplitude of the downstream dispersive wave decrease, the generating filed reduced, and there appear some fluctuate in some filed, which did not influence on the generation of the solitary wave, only for whole surface wave.
In figure. 3, (c) and (d) is the result that Δ value fixed but value change. From which, the results show, when the Δ value fixed, the field for the upstream solitary wave and downstream dispersive wave are all turn narrow with value increase, and within the same time, the generation period of solitary wave increasing, but the flat field keep unchangeable almost. x , work on these cases will be published separately.
Conclusion
The different flows case of an incompressible, inviscid fluid with surface tension and bottom has been considered. The wave equation was reduced from the potential flow theory with the little parameter perturbation technique, and then was solved with pseudo-spectral method. The conclusion as follows, if the flow case was confirmed, the fifth-order dispersive item did not change the tendency of the surface wave, only affect the number and position of the solitary wave or the dispersive wave, but, if the flow case change, there appear greatly variation on the surface wave. It should be pointed out that some new findings from the analysis of this case are lack of experiment evidence. Therefore, they need to be verified by experiment evidence.
